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ABSTRACT 
This project describes the equilibrium studies between amoxycillin 
and isatin with divalent metal ions ( Cu"'^  Ni"^ ^ CC^^ Mn*^ ZxC^) using 
Calvin Bjeerum titration technique at three different temperatures 25°C, 
35 °C and 45°C. 
The proton ligand stability constants of amoxycillin and isatin and the 
stability constants (log K) of metal complexes formed in aqueous medium at 
O.IM ionic strength have been evaluated .The results indicate that only one 
proton of amoxycillin and isatin are being released in the pH range 11 to 12, 
since amoxycillin and isatin act as monoprotic ligands on titration against the 
standard sodium hydroxide. 
Stability of amoxycillin and isatin upon complexation with divalent 
metal ions decreases with an increase in pH following Irving William series. 
The thermodynamic parameters that is, Gibbs free energy (-AG), Entropy(AS) 
and Enthalpy (AH) have also been evaluated. 
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INTRODUCTION 
Isatin is a yellow heterocyclic aromatic compound soluble in 
ethanol. It is a diketone derivative of indole substituted with oxygen at 
position 2 and 3 (Fig. 1). 
Fig.l 
Isatin can be used for the synthesis of a large variety of 
heterocyclic compounds such as indoles and quinolines. It is used as an 
intermediate for the synthesis of pharmaceuticals. 
Usami and cowerkers' have shown that isatin inhibits 
monoamine oxidase, and exhibits various pharmacological actions. 
However, the metabolism of isatin in human beings remains unknown. 
Khulbe et al.^  have prepared and characterized the metal complexes of 
isatin-3,2'-quinolylhydrazone according to the following scheme: 
. - ^ 
N 
HoN 
^ 
r ^ ^ ^ 
-H2O 
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H 
MCI, 
El-Reash and co-workers^ have described new metal complexes 
of isatin hydrazine S-benzyldithiocarbazate. These complexes are 
frequently used as anticancer\ antibacterial^ and antifungal*" agents. 
N. 
Ph-CH,-S-CS-N" ^ 
H 
Q 
Fig. 3 
It has been reported that isatin condenses with thiophene in 
concentrated sulfuric acid to give a deep blue colour due to the 
formation of indophenine. 
H 
- ^ ^ ^ 
H 
Fig. 4 
Isatin derivatives substituted at carbon-3, such as isatin 
3-hydrazones and isatin 3-amine bearing an extra heteroaromatic ring 
are generally employed as ligand. A new series of the corresponding 
N-Mannich bases' were synthesized by reacting isatin with 
formaldehyde and diphenylamine. These compounds were 
characterized by ' H N M R , I R spectral data and elemental analysis. 
They were screened for analgesic, antiinflammatory and antipyretic 
activities. 
Amoxycillin (a-amino-p-hydroxybenzylpenicillin) is a well 
known aminopenicillin. It consists of a fused thiazolidine and P-lactam 
ring attached through amide linkage (Fig. 5). 
N ^ 
^H H H Me 
N ^ Me 
/^'"'COOH 
o o-
.3H,0 
Fig. 5 
It is found that this antibiotic is an antimicrobial agent of first 
choice for the treatment of infections. It exerts bacteriostatic activity 
by blocking the synthesis of the bacterial cell wall during the 
replication phase and also by binding to penicillin binding protein. 
Recent studies have shown that the efficacy of bactericidal activity of 
amoxycillin is greater than those of other oral beta-lactam antibiotics. 
There is no doubt about the practical utility of amoxycillin 
nevertheless there is no consensus regarding the exact dosage to be 
used. 
The strength of the complexation between the organic ligand and 
metal ions is usually expressed in terms of stability constant,** logK. 
Recently, logK for metal complexes with fulvic acid have been 
reported by several groups.''" 
The present work describes the determination of the complexing 
ability of a variety of transition metal ions with amoxycillin and isatin 
in solution. The stability constants were determined pH-metrically at 
three different temperatures viz. 25°C, 35°C and 45°C in aqueous 
media. 
A perusal of literature survey reveals a large number of reports 
where this method has been used to determine the ratio of the two 
reacting components and the stability of the complexes formed'^''^ in 
solution. Although it is difficult to suggest the probable structure for 
the soluble complexes formed in solution, but an attempt has been 
made to show that the coordination occurs through carboxylate group. 
EXPERIMENTAL 
Apparatus and Reagents: 
A digital pH-meter (Elico, model LI-120) in combination with a 
glass electrode was used. pH meter was standardized with the standard 
buffer solutions (4 and 9.2). Hydrated metal chlorides (BDH) HCl, 
NaCI, isatin (Merck) and amoxycillin (Italia) were used as received. 
Titration procedure: 
The following solutions were prepared in double distilled water 
1. 0.IN HCl 
2. O.lMNaCl 
3. 0.005M ligand 
4. 0.005M metal chloride 
5. 0.2M NaOH. 
Strength of the stock solution of hydrochloric acid was 
determined by titrating against standard NaOH solution. The 
concentration of the metal ions was determined by volumetric 
titration'^"'^ Calvin-Bjerrum titration technique as modified by Irving 
and Rossotti^'^"" was followed. 
The following solutions were titrated separately against standard 
sodium hydroxide (0.2M). 4.5 ml NaCl solution (0.1 M) was added to 
maintain the constant ionic strengtii (z = 0.1). The total volume in each 
case was made at 50 ml by adding appropriate volmne of CO2 free 
double distilled water. 
A. 5 ml (O.IN HCl) + 4.5 ml (O.IM NaCl) + 40.5 ml water. 
B. 5 ml (O.IN HCl) + 4.5 ml (O.IM NaCl) + 20 ml ligand (0.005M) 
+ 20.5ml water. 
C. 5 ml (O.IN HCl) + 4.5 ml (O.IM NaCl) + 20ml ligand (0.005M) 
+ 5 ml metal (0.005M) + 15.5 ml water. 
A graph between pH-meter reading and the volume of alkali 
added was plotted for each set (Fig. 1-6). The titration of solution (A), 
(B) and (C) with alkali are called acid titration, ligand titration and 
metal ligand or complex titration respectively. 
The titration curves and calculation of nA (proton-ligand stability 
constant): 
The acid ligand and complex titration curves were obtained by 
plotting pH of solution (A), solution (B) and solution (C) respectively 
versus volume (ml) of alkali (0.2M NaOH) added. The acid ligand 
curve deviates from the pure acid curve at pH 3. The colour of the acid 
ligand solution changes from light yellow to deep yellow. The 
precipitate occured at pH 9 and disappears between pH 11-12". The 
value of proton-ligand formation number or the average number of 
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Fig. 1 Potentiometric titration curve of Amoxycillin with Cu(ll) at 25 °C 
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Fig. 2 Potentiometric titration curve of Amoxycillin with Cu(ll) at 35 °C 
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Fig. 3 Potentiometric titration curve of Amoxycillin with Cu(ll) at 45 °C 
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Fig. 4 Potentiometric titration curve of Isatin with Cu(ll) at 25 °C 
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Fig. 5 Potentiometric titration curve of Isatin with Cu(ll) at 35 °C 
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Fig. 6 Potentiometric titration curve of Isatin with Cu(li) at 45 °C 
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proton attached with the amoxycillin (nA) has been calculated using 
the following formula. 
(y"-V')iN° + E°) 
nA = Y-
iV°+V')T; 
Where Y is the average number of dissociable proton present in 
the ligand. 
V and V" are the volumes of alkali required to reach the same 
pH in the acid-ligand titration curves respectively. 
V° = total volume of the mixture 
N° = concentration of the titrant 
E° = initial concentration of acid 
TL° = initial concentration of the ligand 
The value of nA (proton-ligand formation number) is in good 
agreement with the number of dissociable proton in amoxycillin. 
The proton-ligand formation curves were obtained by plotting 
ligand formation number, nA against pH. The approximate values of 
the proton-ligand constants (pK/' and PK2") were obtained by 
pointwise calculation using the following equations. 
pK " = pH + log _ in the range (1.0 < n"A < 2.0) 
^ n /\ 
pK" =pH + log—=—in the range (1.0>nA) 
1-nA 
15 
From the formation curves, the stability constants of proton-
ligand complexes, also called protonation constant as obtained by half 
integral method i.e., log K " = B at nA = 0.5 and log K2" = B at nA -
1.5 (Table 4). 
Calculation of n for metal ligand complex 
The metal ligand formation number or average number of ligand 
attached per metal ion ( n ) has been calculated using the following 
relationship. 
n = 
( V ' " - V " ) ( N ° + E " ) 
(V '^+V ' ' )nA. T° 
where T,^  is the initial concentration of metal ions. The values 
I I I I I 
of n were determined at various B values. V and V are the volumes 
of alkali. The value of n are reported (Table 3). 
Calculation ofpL at various n values 
The free ligand exponent (pL) were calculated at various h 
values using the following equation. 
pL = log 10 
Z P„" 
\ " 
n = 0 ^ anti log B ^ 
V°+V ' 
1, - n .TK 
Where ^,f is the overall proton ligand stability constant and B is 
the pH- meter reading. 
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Formation curves and formation constants 
The formation curves of the metal-ligand complexes were drawn 
by plotting n against pL. The formation curves so obtained are almost 
wave like. 
From these curves, the stability constants of the complexes were 
obtained by "Half Integral method" and "pointwise" calculation using 
the following relationship. 
l o g K , = P , + l o g - A r 1 - n 
The values of \ogK were obtained by half integral method, ie. At 
n = 0.5 = pL and at n = 1.5 log K2 = pL. In our case only logKi was 
obtained "•*""^ . 
17 
RESULTS AND DISCUSSION 
The highest nA value obtained is 0.98 in all the cases which 
suggest the presence of only one dissociable proton. 
The metal-ligand formation number indicates that there is a weak 
interaction of divalent transition metal ions with isatin and amoxycillin 
in 1:1 ratio. It is apparent from the value of logK that the stability of 
these complexes decreases^' with increase in pH (Table 11). The results 
indicate the interference of the increasing sodium ion concentration 
with the reacting components in the solution. 
A plot of logK of the complexes versus e /r shows a straight line 
(Fig. 7) indicating that the metal-ligand interaction is predominantly 
electrostatic in nature and results in the formation of ionic complexes. 
Effect of temperature 
Determination of the formation constants of the complexes at 
different temperatures has been used in the evaluation of 
thermodynamic parameters. The enthalpy (AH) changes reflect the 
energy changes associated with the intermolecular bonding whereas the 
energy factor (AG) gives the magnitude of the stability constant of a 
particular equilibrium. 
e /r of metal ions 
Fig. 7 A plot of logK of complexes of Isatin vs. e^ /r of M *^ ions 
19 
The values of overall changes in the free energy (AG), the 
enthalpy (AH) and the entropy (AS) for the complexation reaction are 
reported (Table 19-20). 
The acid dissociation constant decreases with increasing 
temperature implying that the formation equilibrium are exothermic in 
nature.•^^"^^ This is also quite evident from the negative values of 
enthalpy (AH) and free energy (AG) and the positive value of (AS). 
These factors are the major driving force for the spontaneity of 
the binary chelates. The enthalpy changes accompanying the 
complexation of the metal ions in solution is the characteristic property 
of the reaction and measures the energy difference between the metal-
ligand and metal-water coordination bond. The results obtained in the 
present case suggest that the metal ligand bonds are fairly strong as 
evidenced by their negative enthalpy changes. 
During the formation of metal complex in the solution, the 
ligand gets coordinated to the solvated metal ion by displacing the 
water molecule from the aqua complex. [M (Hjo),,]'^. 
[M(H20)„]2+ + L(aq) ^ = f r [ML(H20)„.,]2++ H2O 
There will be an increase in the number of particles in the 
system leading to an increase in the entropy of the system. Since 
20 
entropy is a measure of the extent of disorderness of the system, more 
positive value of entropy was observed in all the systems studied. 
The significance of the thermodynamic quantities can also be 
knovv'n by considering the well known thermodynamic relationship. 
-2.303 RT log K = AG = AH - TAS 
It is understandable that logK increases as AG becomes more 
negative. The decrease in logK with increase in temperature shows that 
the reaction is exothermic. It was also observed that both proton-ligand 
and metal-ligand stability constants decrease with increase in 
temperature suggesting that the lower temperature is favourable for 
complexation. Since the antibiotics are not stable at higher temperature 
it is advisable to use the drug under normal condition and protect them 
from sunlight to prevent photodegradation of the drug. 
The logK of the metal complexes follows the order Mn(II) < 
Co(II) < Ni(II) < Cu(II) > Zn(II) which is in accord with the Irving-
Williams order. 
Table 1: nA values of Isatin at 25°C, 35°C, 45°C 
pH 
nA (25°C) nA (35°C) nA (45°C) 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 
7.0 
7.5 
8.0 
8.5 
9.0 
10 
0.91 
0.91 
0.91 
0.91 
0.85 
0.78 
0.73 
0.72 
0.70 
0.42 
0.42 
0.42 
0.42 
0.95 
0.85 
0.84 
0.82 
0.82 
0.82 
0.77 
0.77 
0.70 
0.43 
0.43 
0.40 
0.40 
0.98 
0.96 
0.95 
0.94 
0.94 
0.85 
0.83 
0.80 
0.78 
0.72 
0.72 
0.65 
0.42 
Table 2: i ^ values of Amoxycillin at 25°C, 35°C, 45°C 
_pH 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 
7.0 
7.5 
8.0 
8.5 
9.0 
10 
iiA (25°C) 
0.84 
0.84 
0.83 
0.74 
0.72 
0.63 
0.53 
0.53 
0.53 
0.47 
0.47 
0.47 
0.47 
0.98 
0.97 
0.97 
0.94 
0.82 
0.80 
0.70 
0.70 
0.60 
0.34 
0.34 
0.32 
0.32 
_nA_(45T)^ 
0.98 
0.97 
0.96 
0.80 
0.77 
0.67 
0.65 
0.41 
0,4] 
0.41 
0.30 
0.30 
0.30 
22 
Table 3: Proton-ligand stability constant of Isatin at 0.1 M ionic strength 
Stability 
logK," 
log B„" 
Constant 
25 °C 
7.5 
7.5 
Temperature 
35 °C 
7.2 
7.2 
45 °C 
7.4 
7.4 
Table 4: Proton-ligand stability constant of Amoxycillin at 0.1 M ionic 
strength 
Stability Constant 
logK," 
log 3n" 
25 °C 
7.8 
7.8 
Temperature 
35 °C 
7.5 
7.5 
45 °C 
5.8 
5.8 
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Table 5: PL VS n values of transition metal complexes with Isatin at 25°C 
_ M" ^_Co Ni Cu Z n _ 
^ PL n PL n PL n PL n PL 
0.32 2.47 0.49 2.59 0.65 2.75 0.97 3.70 0.67 2.77 
0.32 2.47 0.32 2.47 0.65 2.74 0.70 2.82 0.67 2.77 
0.32 2.47 0.31 2.45 0.65 2.74 0.97 3.70 0.37 2.49 
0.32 2.47 0.31 2.45 0.37 2.74 0.70 2.82 0.36 2.49 
0.32 2.47 0.30 2.44 0.36 2.49 0.65 2.74 0.35 2.49 
0.32 2.47 0.28 2.44 0.35 2.49 0.43 2.74 0.34 2.48 
0.32 2.47 0.28 2.43 0.30 2.45 0.38 2.53 0.34 2.48 
0.32 2.47 0.27 2.43 0.23 2.40 0.38 2.50 0.32 2.46 
0-31 2.46 0.27 2.43 0.23 2.40 0.34 2.50 0.32 2.46 
0-30 2.45 0.27 2.43 0.21 2.39 0.32 2.45 0.32 2.46 
0-26 2.45 0.13 2.43 0.21 2.39 0.30 2.45 0.32 2. 
0-26 2.43 0.10 2.43 0.21 2.39 0.28 2.44 0.32 2 
0-26 2.43 0.02 2.36 0.21 2.39 0.26 2.43 0.31 2. 
45 
,40 
40 
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Table 6: PL VS n values of transition metal complexes with Isatin at 35°C 
Mn Co Ni Cu ^" 
0.35 2.47 0.73 2.59 0.90 2.75 0.94 3.70 0.90 2.77 
0.34 2.47 0.73 2.47 0.90 2.74 0.94 2.82 0.84 2.77 
0.34 2.47 0.70 2.45 0.84 2.74 0.94 2.74 0.84 2.49 
0.34 2.47 0.45 2.45 0.79 2.74 0.91 2.74 0.80 2.49 
0.34 2.47 0.42 2.44 0.79 2.49 0.84 2.53 0.80 2.49 
0.32 2.47 0.42 2.44 0.76 2.49 0.80 2.50 0.80 2.48 
0.32 2.47 0.39 2.43 0.76 2.45 0.80 2.50 0.79 2.46 
0.30 2.47 0.36 2.43 0.74 2.40 0.73 2.46 0.79 2.46 
0.30 2.46 0.36 2.43 0.69 2.40 0.72 2.45 0.76 2.46 
0.29 2.45 0.36 2.43 0.69 2.39 0.32 2.44 0.65 2.46 
0.22 2.43 0.35 2.43 0.66 2.39 0.30 2.43 0.65 2.45 
0.22 2.43 0.30 2.43 0.66 2.39 0.29 2.34 0.65 2.40 
0.22 2.43 0.29 2.36 0.66 2.39 0.27 2.34 0.62 2.39 
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Table 7: PL vs n values of transition metal complexes with Isatin at 45°C 
n 
Mn 
PL n 
Co 
PL n 
Ni 
PL n 
Cu 
PL n 
Zn 
PL 
0.36 2.50 0.46 2.57 0.58 2.61 0.93 3.40 0.66 2.71 
0.34 2.48 0.42 2.54 0.48 2.58 0.9 3.30 0.62 2.71 
0.18 2.38 0.38 2.50 0.46 2.56 0.62 2.72 0.60 2.71 
0.15 2.37 0.36 2.49 0.33 2.46 0.60 2.69 0.30 2.45 
0.07 2.33 0.2 2.46 0.31 2.45 0.60 2.53 0.30 2.45 
0.03 2.31 0.32 2.46 0.30 2.45 0.43 2.52 0.27 2.43 
0.33 2.31 0.31 2.45 0.15 2.37 0.41 2.46 0.24 2.42 
0.33 2.31 0.31 2.45 0.15 2.37 0.32 2.46 0.17 2.38 
0.33 2.31 0.30 2.45 0.14 2.36 0.32 2.45 0.16 2.37 
0.02 2.31 0.25 2.42 0.12 2.35 0.31 2.44 0.15 2.37 
0.02 2.31 0.18 2.38 0.01 2.33 0.28 2.40 0.11 2.35 
0.02 2.31 0.12 2.35 0.06 2.32 0.23 2.35 0.06 2.33 
0.16 2.30 0.10 2.34 0.05 2.31 0.12 2.34 0.05 2.31 
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Table 8: PL vs n values of transition metal complexes with Amoxycillin 
at 25°C 
Mn _ <^Q _ Ni Cu Mn 
n PL n PL n PL n PL ri P 
0.60 3.55 0.81 3.30 0.62 3.61 0.87 3.61 0.77 3.61 
0.50 2.69 0.54 3.00 0.56 3.72 0.87 2.82 0.68 3.00 
0.50 2.69 0.31 2.63 0.44 3.72 0.71 2.79 0.40 2.79 
0.50 2.60 0.25 2.52 0.44 2.55 0.68 2.72 0.37 2.60 
0.34 2.48 0.18 2.45 0.40 2.55 0.62 2.56 0.21 2.52 
0.31 2.45 0.09 2.42 0.39 2.54 0.57 2.56 0.13 2.53 
0-31 2.45 0.08 2.38 0.32 2.50 0.48 2.46 0.10 2.39 
0-31 2.45 0.07 2.333 0.30 2.50 0.47 2.44 0.08 2.34 
0-25 2.44 0.05 2.33 0.27 2.46 0.47 2.44 0.08 2.34 
0-21 2.39 0.04 2.33 0.17 2.46 0.44 2.43 0.06 2.34 
'•'' '•'' '•'' '•'' '-^^ 2.43 0.44 2.15 0.05 2.32 
0.12 2.35 0.04 2.31 0.10 2.38 0.32 2.15 0.04 2.31 
0.12 2.35 0.04 2.31 0.10 2.37 0.28 2.15 0.04 2.31 
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Table 9: PLVS n values of transition metal complexes with Amoxycillin 
at 35°C 
Mn Co Ni Cu Zn 
iT PL n PL n PL n PL n PL 
0.67 2.77 0.73 2.85 0.85 3.09 0.91 3.39 0.88 3.22 
0.64 2.74 0.61 2.69 0.83 3.04 0.93 3.38 0.60 2.69 
0.64 2.74 0.60 2.69 0.83 3.04 0.90 3.04 0.60 2.69 
0.64 2.69 0.15 2.37 0.71 2.82 0.82 3.00 0.62 2.72 
0.62 2.74 0.05 2.32 0.62 2.74 0.80 3.00 0.62 2.72 
0.61 2.74 0.18 2.38 0.60 2.69 0.80 2.58 0.37 2.49 
0.56 2.65 0.56 2.65 0.56 2.65 0.48 2.53 0.08 2.34 
0.51 2.60 0.16 2.38 0.60 2.69 0.43 2.52 0.13 2.36 
0.41 2.52 0.24 2.42 0.60 2.69 0.41 2.49 0.12 2.35 
0.41 2.52 0.50 2.60 0.54 2.60 0.37 2.48 0.06 2.33 
0.16 2.37 0.50 2.60 0.50 2.56 0.35 2.45 0.03 2.31 
0.16 2.37 0.75 2.88 0.46 2.56 0.31 2.36 0.03 2.31 
0.14 2.34 0.08 2.33 0.46 2.56. 0.12 2.36 0.03 2.30 
28 
Table 10: PLVS n values of transition metal complexes with Amoxycillin 
at45°C 
Mn Co Ni Cu Zn 
n PL n PL n Pi. n Pi. n Pi, 
0.60 2.69 0.60 2.87 0.65 2.69 0.81 3.00 0.62 2.72 
0.60 2.69 0.60 2.87 0.65 2.69 0.72 2.85 0.60 2.69 
0.60 2.69 0.60 2.87 0.60 2.69 0.69 2.79 0.60 2.69 
0.10 2.52 0.43 2.41 0.60 2.63 0.42 2.53 0.45 2.69 
0.37 2.46 0.38 2.41 0.54 2.63 0.37 2.49 0.38 2.55 
0.37 2.45 0.37 2.23 0.49 2.63 0.37 2.49 0.38 2.55 
0.33 2.45 0.27 1.95 0.41 2.52 0.10 2.34 0.38 2.50 
0.21 2.39 0.27 1.69 0.37 2.52 0.10 2.34 0.37 2.46 
0.13 2.36 0.27 1.67 0.37 2.52 0.10 2.34 0.32 2.46 
0.13 2.36 0.13 2.36 0.13 2.36 O.IO 2.33 0.32 2.37 
0.09 2.34 0.18 1.63 0.26 2.30 0.09 2.33 0.15 2.37 
0.09 2.34 0.17 1.62 0.18 2.29 0.09 2.32 0.15 2.37 
1.52 1.52 0.15 1.52 0.18 2.29 0.09 2.30 0.11 2.35 
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Table 17: Metal ligand stability constant of transition metal complexes with 
Isatin at different temperatures. 
Metal ion 
Mn"' 
Co^^ 
x r - + 2 Nl 
Cu^^ 
ZrC' 
25°C 
2.10 
2.77 
2.82 
3.00 
2.98 
35°C 
2.08 
2.50 
2.72 
2.93 
2.61 
45"C 
2.06 
2.45 
2.56 
2.84 
2.60 
Tablel8: Metal ligand stability constant of transition metal complexes 
with Amoxycillin at different temperatures. 
Metal ion 
Mn*^ 
Co^^ 
Ni^^ 
Cu^^ 
Zn^2 
25°C 
3.82 
3.92 
4.12 
4.48 
4.43 
35°C 
3.30 
3.85 
3.98 
4.46 
4.08 
45°C 
2.84 
2.90 
2.95 
3.65 
2.94 
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Table 19: Thermodynamic parameters of complexes of Isatin at (O.IM) NaCl 
ionic strength 
Metal ions 
Mn"^ 
Co^^ 
m'' 
Cu^^ 
Zn^2 
-AG 
2.897 
3.640 
3.839 
4.105 
3.870 
-AH 
0.008 
0.003 
0.004 
0.005 
0.097 
-AS 
0.009 
0.012 
0.012 
0.013 
0.012 
Table 20: Thermodynamic parameters of complexes of Amoxycillin at (O.IM) 
NaCl ionic strength 
Metal ions 
Mn"2 
Co^^ 
Ni*2 
Cu"2 
Zn*2 
-AG 
4.739 
5.385 
5.613 
6.197 
5.895 
-AH 
24.05 
7.839 
0.034 
6.250 
14.68 
-AS 
0.063 
0.008 
0.017 
0.001 
0.029 
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